This study was undertaken to provide biological information on the species distribution and abundance of sea stars as well as the physico-chemical status of the seawater of selected intertidal zones of Davao Gulf for sustainable use of marine resources. This study was conducted along the 10 selected intertidal zones of Davao Gulf specifically in Davao City, Philippines. Results showed a total of 2357 individuals identified. These species belong to 8 genera and 4 families of sea stars. Of these, 1842 species belong to family Astropectinidae, 484 species are under the family of Ophidiasteridae, 30 species for family Oreasteridae, and 1 species in the family of Acanthasteridae.
Introduction
Davao Gulf is a 308,000-hectare body of water, located in Mindanao, Philippines. It covers the coast of the southernmost tip of Davao Del Sur, to Davao City and Davao Del Norte and continues to line the shores of Compostela Valley (Sun Star Davao, 2011) . The Davao Gulf is one of the most diverse marine ecosystems in the world according to the World Wildlife Foundation (WWF, 2011) . Reef and mangrove species, cetaceans and a host of invertebrates contribute to the natural diversity of the Gulf.
Invertebrates such as sea stars or commonly known as starfish is a natural inhabitant of Davao Gulf. Sea stars belong to Kingdom Animalia, phylum Echinodermata of class Asteroidea. Asteroids typically have five arms radiating outward from their central disks where their mouths open toward the bottom. All have podia or tube feet projecting down along the grooves on the undersides of the arms (Fenner, 2009) . Sea stars are conspicuous and successful bottom-dwelling animals that can survive without food for months and feed on almost every type of marine organism encountered on the seabed. The greatest diversity of sea stars occurs in coastal regions, although as a group, they are well represented globally from the Antarctic, Pacific, Atlantic, and Indian Oceans where they inhabit mostly wave-exposed intertidal zones of coastal waters (Freeman, 2005) . They are ecologically important because they can be important predators of other invertebrates like clams, barnacles and other attached marine life. Some crabs, fish, birds, and other echinoderms are known to prey on sea stars. Usually, they feed on arm tips, as their calcified bodies are difficult to eat and not very nutritious (Fell, 2008) .
Echinoderm diversity is generally correlated with diversity of other invertebrates in the same environment; hence they are present where key indicators of high biodiversity hold for other taxa. The ability to measure biodiversity is 
Methods

Preliminaries
Clearance from the Department of Environment and Natural Office Region XI for the approval and release of the gratuitous permit was sought before the conduct of the study. This was followed by sending letters seeking permission to all Barangay Captains of the Local Government Units of the selected sites asking for authorization to conduct the study in their area.
Research Area
Ten (10) randomly selected sampling sites were chosen which includes the following intertidal zones in Davao City: Binugao, Dumoy, Bago Aplaya, Punta Dumalag, Bucana, Agdao, Pampanga, Sasa, Tibungco and Bunawan. Their coordinates are presented in Figure 1 .
Sea Star Sampling and Identification
Five (5) 100 meter transect lines were laid out on the intertidal zones from the baseline (Figure 2 ). Seastars found within the width of 4 meters in each transect line were counted and identified. Specimens collected were identified to the species level as much as possible utilizing the Echinoderm Field Guide by Schoppe (2000) and World Asteroidea Database (Mah, 2008) . Habitat of each sampling area was noted and recorded based on the Davao Doctors College Ecology Manual (SY 2006-07) . The organisms were photographed and identified, the individuals in each taxonomic category were counted and the numbers were then recorded on data sheets. Sampling was done once every other month from September 2010 to February 2011. A representative sea star in each species was collected, dried and preserved and properly labeled for taxonomic reference. 
Data Analysis
In dealing with the data gathered, results were tallied, tabulated and analyzed. The following statistical methods were utilized in this study: Shannon-Weiner Diversity Index, percentage of sea stars species in the given area and t-test to get the significance level between the species richness of the intertidal zone sea stars with habitat type and the physico-chemical factors in the waters of Davao Gulf , Philippines.
Results and Discussions
Species Composition
A total of 2357 individuals were identified along the intertidal zones of Davao Gulf in Davao City, Philippines. These species belong to 8 genera and 4 families of sea stars. Of these, 1842 species belong to family Astropectinidae, 484 species are under the family of Ophidiasteridae, 30 species for family Oreasteridae, and 1 species in the family of Acanthasteridae. Uneven distribution of sea star species is attributed to the difference in the type of habitat and its food sources. Majority of the sea stars were Astropecten polyacanthus since these sea stars are common in sandy intertidal areas and sea grass beds distinctive of the habitat of area 1 and area 3. Area 3 had 63.1% of the total number of sea stars found while area 3 has 13.8%. This type of habitat is ideal for the sea stars to obtain food and to burrow in the substrate during daytime and becomes active at night (Schoppe, 2000) . Linckia laevigata were found in abundance at Area 6 since these species occur in shallow reef areas exposed to sunlight where it feeds on algae and detritus (Schoppe, 2000) . Area 6 ranked second as the station with the most number of sea star population with 19% sea stars found. Protoreaster nodosus were found in 2 sampling areas namely area 3 and area 6 since its common habitat is sea grass meadows in shallow water where it searches for food particularly sponges, soft corals and other small invertebrates. The existence of living corals at Area 6 indicates the presence of Culcita novaeguineae and Acanthaster planci since this is their primary habitat with plenty of food sources. On the other hand, Choriaster granulatus and Nardoa spp. which usually lives in water reefs from 3 meters to 40 meters deep were found in Area 9 with only 0.05% sea star population which could be attributed to their nature of being active during daytime searching for food (Schoppe, 2000) . Furthermore, the differences in species composition recorded could be attributed to the ecological differences of the different geographical locations as shown on the other areas which exhibited a less than 2% of sea star population.
The low abundance of majority of the sea stars, composition and diversity recorded in this study may be attributed to stress imposed by indiscriminate anthropogenic activities (Ajao et al., 1996) such as industrial effluent discharge, oil wastes, domestic waste, and sewage discharges among others as human related activities are capable and presently destroying the sensitive coastal environment (Balogun et al., 2011) .
The study revealed a diversity index of 28.45% using Shannon-Weiner Diversity Index indicating low species richness and evenness in the intertidal zones of Davao Gulf in Davao City, Philippines (Table 1) . Ketcham (2001) in his study states that species richness generally increases with increasing water quality, habitat diversity, and or habitat suitability and is expected to decrease with human induced disturbance according to EcoGov (2006) . It is further reported by the Davao City Coastal Zone Management Situation and Recommendations (2006) that the coastal waters of Davao Gulf are used in various ways such as fishing, navigation, tourism, and even for settlements. There is also a growing establishment of commercial centers and fishing grounds which are important sources of livelihood and income for a significant portion of Davao City's population. 
Habitat Type
Results of the study disclosed that majority of the sampling area (80%) are composed of sandy substrate while 20% have silty and muddy substrate. Of the sandy substrate, 30% of which have coral rubble, 40% have sea grasses and only 10% observed with living corals. Bleakley reported in 2004 that the diversity of coastal marine ecosystems at any point depends also on the variety of habitats and the importance of terrestrial influences. He further states that the destruction of coastal wetlands, removal of mangrove areas and alteration of the coastline for coastal development in the Pacific continue to occur in a largely uncoordinated and disintegrated fashion. Sea grass beds are declining in abundance and diversity from west to east across the Pacific. Beaches are also affected by coastal construction which can change currents and greatly alter sand deposition and erosion regimes. This situation is not far from happening in the coastal waters of Davao City as majority of the coastal areas are now used as settlement centers, commercial centers and fishing grounds as reported by Davao City Coastal Zone Management Situation and Recommendations in 2006.
Physico-Chemical Parameters of Seawater
The mean physico-chemical results of the seawater is computed and the gathered data were assessed based on the Administrative Order #34 of the Revised Water Usage and Classification/Water Quality Criteria Section 68 of the Philippine Coastal and Marine Waters. Nine of the ten sampling areas belong to Class SB as Recreational Water Class I or areas regularly used by the public for bathing, swimming, skin diving, etc. While sampling Area 6 belong to Class SC as marshy and or/mangrove areas declared as fish or wildlife sanctuaries, in which, this is the area where the Pawikan (Sea Turtle) Sanctuary is located.
Parameters such as the Dissolved Oxygen (DO) level in all sampling areas were found to be within the normal levels as set by the government. Temperature readings in all ten sampling areas were within the recorded at the site. Salinity levels were recorded to be within the range for marine water. The pH levels were within the range of 7 -9 which complies with the normal levels for marine water.
In this case, statistics revealed that there is no significant relationship between the physico-chemical characteristics and the number of sea star species as represented by the p-value of close to zero (Table 2 ). Although Brown, et. al. (2007) confirmed in his study that environmental gradients such as temperature and pH have an effect on the patterns of species richness. Waterwatch (2011) presented other parameters for water quality that may be tested which include turbidity, salinity and nitrates which could contributed to the distribution and species richness of the marine macroinvertebrates. On the other hand, the Biological Oxygen Demand (BOD) for Class SB should be 5 mg/L which all sampling areas recorded a much lower value. A lower BOD value was also recorded for Class SC which should be at 7 mg/L. Thus, statistics revealed a strong negative correlation with the number of species of sea stars in all ten selected intertidal zones with BOD level. This could be because there are low species richness recorded which utilizes oxygen in the said areas. There is also a possibility that the temperature might be the cause of the sudden change of BOD since temperature affects the rate of photosynthesis of plants, the metabolic rate of aquatic animals, rates of development, timing and success of reproduction, mobility, migration patterns and the sensitivity of organisms to toxins, parasites and disease (Waterwatch, 2011).
Conclusion and Recommendation
The results revealed a low seastar species richness and evenness that may be due to other factors rather than the physicochemical factors alone. It could be due to sparse seagrass cover, uneven coral growth and difference of substrate composition which limits the breeding grounds and food sources of the seastars. Another reason is due to some anthropogenic activities such as coastal development, pollution and growing illegal settlers along Davao Gulf. Thus, the following recommendations were proposed:
A more intensive study of the entire Davao Gulf and a thorough monitoring is needed to provide necessary recommendations for sustainability of Davao's marine ecosystem. For the future development of the present work, www.ccsenet.org/enrr Environment and Natural Resources Research Vol. 4, No. 4; 2014 it is strongly recommended to include the use of Geographic Information Systems and maps for mapping the results on the area and to find possible spatial correlations.
Encourage LGU's, resort owners and the community to provide venues for coastal activities such as clean-up campaigns and support for information dissemination as well as promote the participation of various stakeholders in discussion on coastal planning and conservation.
Promote and support the government's advocacy in environment protection specifically the projects of the Davao Gulf Management Council in the protection and conservation of Davao Gulf as well as create, enhance and provide for strict implementation of coastal laws, regulations, and programs. 
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